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* a precursor fi,m fi,,ed wi » 

« have been described in U.S Sent No 44^328 JS^^^k-'T™' - * t0 3que ° US f,uids 
Mitsubishi patent describes a Breathabte ^poSl fi.mTn . , SUb ' Sh ' ° hemiCal ,nduStries ' Ltd ' The 
from 20 percent to 80 percent bTweight Ta^^T*^™ ' po| y o,efin/fi «" composition having 
waxy hydrocarbon polymer elSom^f uch a a hvdr^l 8 "^ iT^ ^ Carbonate - A "l" » 
produce a precursor film that could be ZlZl V , ,iquid P^^iene was found to 
« breathable film described * mKLJiTZS^ mak9 3 film breathable - ™e 

Kao Corporation. The Kao flS^S^TS^^ ^ 2 ' 115 ' 702 ' 3SSi9ned t0 
disclosed by Mitsubishi patent. The MaSTr* i u2?t rf 8 ^ With 3 breathable fi,m as 

U.S. Patent No. 4.350.655 assigZ t Shi S ^ k'" 9 the diaper t0 Contain ^ 
least 50 percent by weight 2£^^T5£ deSC " beS 3 P 0 ' 008 P 0 '^" film containing at 
*5 an elastomer by employing an SwTffJ!!^ 77"? f " m * ^ With0Lrt the additio " ° f 
titanium. The precursor fiimTs Z^sTL^ ^. 8 3dd ^ ° f 0n,y si,icon or 
precursor film at a temperature be! ^ToTp^^. SZTuT^ ?" ° f 3 

to be both vapor and liquid permeable howevT^l^i ° f the reMg ,i,ms were **** 

European Patent applic^F ^ t0 be P ermeab,e *> *• 

30 breathable film. For the sake of c^itv ai2t2E, J! ! ^J""" 9 film 3 process ,or makin 9 said 
under the heading -dL"S D stjl "of SEX' J^JS ? ° f this * -P-ted 

insulators but also as disTributoS° " mS 33 ref,eCt0rS t0 ^' energy, usually as 

2) Electrical conductivity which helps control static AiArtr.Vih, a^l, 

SrtX^Xf* 18 " 9h ' W8 ' 9 '" 6MaUS8 " 18 80 W " - 5 °° *»««™ " a 
metallizing liln, „ould not exist 16781 01 busine5s «*% «»Wng 

oJitsrsr r^r sr^isr ssr ,iim -r « - — 

metallized: polyethylene (PE). cast polypropylene . PR i "° W bei " 9 comme ™ a ''y 

thaiate (PET), po.ycarbonate rigid Syv'n^ (0PP) ' P 0 '^"* tereph- 

ceilophane. This is not an exhaustK t bS^rS^^" " P y m *^ ' P3per a " d 

metallized. s ,ntended to show the variety of substrates being 

use d tr,e7 s ^ C — tranS '— P °'^ * b-no 

used in som graphic a'ppSo^ TS^^^l?" fT* *" PaCka9i " 9 - Pol ^" a te is 
metallizing) is used in Same p^l^lKi^^hSf " f 0 VaP ° rati ° n dunn 9 

M ^nnstmas tinsel and holiday garlands. Polycarbonate. PVC and 
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polystyrene are used in heavy gaug s to make thermoformed trays. Polyimide in outer space applications 
usually metallized w,th pure gold. Nylon is finding some limited applications, paper is us d in labels and 
cellophane in wrappers. u 

Polyethylene and cast polypropylene are two films very familiar to the converting industry but not to the 

Ih^rt ^ h h hi IT ,0 P °' yeSter 3nd ° PP ' ^ "eat sensitive extensile and soft so 

that it must be handled I with care. This difference is familiar to the converting industry where polyethylene is 
routinely printed at high speeds. Although polyethylene is not familiar to the metallized industry" it is being 
used as a metallized substrate by several metallizers on a commercial basis 

, 0 fni^f 8 ? is bri f t: is P rovides a ri <* 'ustrous metallic finish similar to the brightest of 

io foils, although not as bnght as the finish obtained with metallized polyester 

„J2J y f??,? 13 T U ° h SOfter tha " ,he ° riented films comm °"'y used. This softness contributes to 
greater flexibility and m textile substitute applications, less crinkle noise and a more pleasing hand 
Polyethylene is heat sealab.e and thus can be formed into bags or pouches or it can be lam nated to 

,. Ith r/ 5 Str l 8 *f ^ ^ Ptinted - The COmbination of graphics anlllt 

Sen la'lin^ 7° ** 1" " Sin9 ' 9 M6mzed vacuum formab.e. and 

when laminated to nylon can constitute the formable web of a meat package 

RnJ h hJr '"hT 1 r P tio V haracteristics of polyethylene make it an excellent reflector substrate. 

h?„n h " ? 38 mfra " r ! d (IR) radiati0n iS re,lected and returned bv a m ^'»«d PE film instead of 
being absorbed where .t can be conducted or converted away. This is particularly true of IR radiation in the 
20 frequencies associated with normal body temperature. «««"'wn me 

Embossed polyethylene makes available various surfaces that when metallized create an attractive 
visual impact. This visual quality renders it suitable for use in many commercial applications 
_ Thus, metallized films, are already widely used. However, the invention's added feature of breathability 
lends even greater utilrty to the metallized film. For instance, a metallized breathable polyolefin film 
J n 3 V6ry 6 Kw 6 ' " 9h l Wei9ht b ' anket f0f Camping - Such a fi,m could als ° * used as an attrac ve 

oTSJcSSs: w,th a thin insu,atin9 materia '' in - ,or exampie - sw «»■ - ^ «*• 

While metallized films are both useful and attractive, it is difficult to obtain good adhesion of a metal to 
90 JSST n ° n ' PO r SUb , Strat6 SUCh 83 3 P ° ,y0,efin - Hi9h Astatic treatment levels are necessary 
metel adhesion 3 ' 8 ^ ' L ° PE °° U,d " 0t be metalli2ed with 9°° d 

"!f S a , thab 'f fi ' m u 01 the P3rent a PP |ica « on was metallized, much better than expected adhesion 
Lh^o > Z ™ ll ° noi r* n9 t f ° be b0Und by ^ theorv - * is s P ecu| ated that the better than expecteS 
adhesion may be due to the larger surface area exposed by the breathable pore spaces and/or the 
increased polanty of the breathable film caused by the fillers in its composition. Of course, the good metal 
adhesion and substantial retention of breathability properties may be due to some other phenomenon 



SUMMARY OF THE INVENTION 
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The present invention relates to a breathable metallized film produced by depositing a fine metallic 
layer on a breathable film. The product exhibits excellent metal adhesion properties, is' flexl ht a 
pleasing shiny metallic appearance and substantially retains the breathable properties of the unmetallized 

45 DETAILED DES CRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 
Film Forming Compositions 



Breathable films which form the basis of the present invention are produced from a precursor film that 
so is prepared from a polymer composition that comprises at least a polyolefin component and a filler The 
polyolefin component may be any polyolefin which is suitable for film production, such as polypropylene 
copolymers of propylene, homopolymers and copolymers of ethyl ne or blends thereof. A preferr d 
density po!ye a hyZe ym8r P ° ,yPr ° Py,ene a " d '° W d9nsity Po^'ene, particularly preferred is linear low 

" sinner '°r P 0 ^ 1 n (LLDPE) is produced by copolymerizing ethylene with a C 4 to C 10 

^ Mnten 1 h he Preferred alpha-olefins include those selected from the group comprising butene- 
„ % Z\ ^'P 9 "* 6 " 9 " 1 - n *Pte«e-l. ^d octene. The comonomers are pLent to 

amounts up to 20 wt. %. normally between 3 and 14 wt. %. The polymerization is conducted at low 
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w5 i rSSJ*" Pr ° CeSS ' the ^C2?2 " deSCnbed <*'<>» GXtrUS,0n is Purred 
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Melt Temperature ( • F) 


350-450 


Die Temp rature ( • F) 


350-450 


Embossing Roll Temperature (;F) 


70-130 



5 

Film formation by tubular extrusion produces balanced films having increased film strength in both the 
machine and cross-machine direction. In the tubular blown film process, the film forming composition is first 
melted and then extruded through an annular die. The die should preferably have a die gap suitable for 
extruding LLDPE resin which normally is greater than about 0.5 mm and preferably greater than 0.75 mm. 

10 The film forming composition is extruded at a melt temperature between about 150*C to 300 *C, preferably 
between 190*C and 240 # C. The molten composition is preferably extruded in an upward vertical direction 
in the form of either a bubble or a tube, although it also can be extruded either downwardly or horizontally. 
The tubular extrudate is expanded to the desired dimensions and then cooled, by one of several 
conventional techniques which are well known in the art, e.g., forced air, mandrel, and water quench. The 

75 tubular film, or bubble, is then flattened by passing the film through a collapsing frame and a set of nip 
rolls. The nip rolls are driven, thereby proving a means of drawing the tubular film or bubble away from the 
annular die. 

A positive pressure of a gas, such as air or nitrogen,, is maintained inside the tubular bubble. As is 
known in the operation of conventional blown film processes, the presence of the gas is controlled to impart 
20 a desired dimensional orientation to the film tube or bubble. The degree of tubular bubble expansion may 
be measured as the ratio of the expanded bubble circumference to the circumference of the die annulus. 
This ratio is generally in the range of 1 : 1 to 6 : 1 and for a precursor breathable film is preferably from 2 : 
1 to 4:1. 

Embossing is typically used on the surface of poiyolefin films to reduce gloss. Embossing can be 
25 imposed on the precursor film surface at the time of the film fabrication for cast extrusion, or at a 
subsequent time for cast or tubular extrusion by procedures well known in the art. For the present invention, 
embossing imposes a pattern of different film thicknesses within the precursor film, and can be conducted 
with any micro/macro pattern, e.g. cross-hatching, dots, lines, circles, diamonds, hexagons etc. The pattern 
can be either in line and/or off line and the rolls can be engraved with either pin up and/or pin down type 
30 configurations. 

Stretching and Heat Setting 

Final preparation of a breathable film is achieved by stretching the precursor film to form interconnected 
as voids. Stretching or "orientation" of the film may be carried out monoaxially in the machine direction (MD) 
or the transverse direction (TD) or in both directions (biaxially) either simultaneously or sequentially using 
conventional equipment and processes following cooling of the precursor film. 

Blown films are preferably stretched in the machine direction or in both directions whereas cast films 
are preferably stretched in the transverse direction. For orientation in the MD, the precursor film is passed 
40 around two rollers driven at different surface speeds and finally to a take up roller. The second driven roller 
which is closest to the take up roll is driven faster than the first driven roller. As a consequence the film is 
stretched between the driven rollers. 

Film orientation may also be carried out in a tentering device with or without MD orientation to impart 
TD orientation to the film. The film is gripped by the edges for processing through the tentering device. 
45 Stretching of melt embossed precursor films with a tentering device at a film speed of about 60 meters 
per minute produced breathable films having the desired water vapor permeability. The resulting films had 
greater permeability in the areas of reduced thickness in comparison to the areas of greater thickness. 

Although not thoroughly investigated, controlling of the strain on the film during stretching is believed to 
be important to controlling the permeability. For stretching in the transverse direction, strain is controlled for 
so a given stretch ratio by adjusting the film speed and the stretching distance. The stretching distance is 
measured, between the point where the film starts to increase in width to the closest point where the film is 
fully stretched. For stretching in th machine direction, strain is controlled for a given stretch ratio, by 
controlling film speed and the gap between the first and s cond driven rollers. 

A range of stretching ratios from 1 :2 to 1 :5 prove satisfactory for MD stretching with a ratio of 1 :4 being 
55 pref rred. A range of stretching ratios of 1:2 to 1:5 prove satisfactory to TD stretching with a ratio of 1:4 
being preferred. 

Th water vapor permeability of the embossed film following str tching, as measured by the final 
WVTR of the film, was found to be inversely related to the stretching temperature. Stretching at a 

5 
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JSST-S ab ° Ut «'° PM 3 *" ^ * *W *** WVTR than stretching a , tempMs 

temperature and beL the Ini™ elalt S fl-f " temP8ratUr6 3b ° Ve the 

stiffness and some reduction h^SfSj 5 Tou^'LT^ "f" CauS " 

higher WVTR in comparison to heat setting at 22 95 ^ P ^ ' ^ fllm with ^stantially 

^c^^ - setting and cooting to minimize 

may be released. The fifm may co ^S^tS^T'S " ambi6nt ' the holdin 9 force 
of its stretched dimension. * (snapback) ,n the TD but will retain a substantial portion 

the sr s^rr by . ,ension h in the ^ - 

carried out while permitting the film to cj£^*^'J^' *»J*« SeWn 9 ™« «*"»> is 
from 5 to 30%, preferably between 15 and 25% L 1 under t str **- The controlled shrinkback of 
good results in eliminating storage shrinkage. Str9tChed Width has 9 iven Pearly 

Metallic Film Deposition 
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The very low pressure of 1<r* to 10~ 5 Torr ft Torr - 1 mm wT- ^ 
molecular mean free path such that the metal molecls" strike th e ii'i "T*? * ^ * SUffiCient,y ,on 9 

25 temperature of about 1400-C is varied sliqhtlJ to^rZ.^ f . sufficient force to adhere. The 

metal deposition. While the totaJ cycte time ,s affecSd hi T ^ pressure and *» *e rate of 
pumping time to reach the rarefied ^^^^T ***** " morB 3 funCtion ° f 
poin^rm^^ ^ctive. ,ow in cost, and has a low me.t 

30 selected for a specific property such TenZcnln/f l T Surfa f e but at hi 9her cost. A metal may be 
property. P ^ 38 env,ronmenta ' res.stance, electrical conductivity or other desirable 

Metal thickness is measured both optically and electriraiiv Thi^u„« 
percentage of light transmitted through a m JJz^ToftcInT ? eXpr6SSed ° ptica,ly as the 

ohms per square. Typical coatings measure 3 t 4 oh m °/n e * PreSSed e ' eCtriCa,,y as resistance «" 

35 .. than 1 ohm per square. An experLce? meta^l ooZ P ^ wHh C ° atin9S measurin 9 ■»» 

visua..y estimating the light trS^TS he 2 r^™" T*" *" * 
chamber. The uniformity of the coatina can X il n P ° V6r 3 ,luorescer * tube in the 
parameters such as source Z££Z aTd wTb soIh ? """'I 0 '" 1 ' n additi0n t0 0ther «** 
monitoring light transmittance, JZ^ZiT^L ^ « ■ « to th9 ° perator 

«> (O.D.) which correlates inversely with SSLSS? For L r ? ** me3SUreS ° Ptical density 

35 tSLf ~ ,ow ab °" 20 of 36001 30 is desirable and 

.aminatr M raX^ a -tallized film, especial, in . 

tape is applied to the metal surface anTth n tS ITSfl ^ * V C * phane tapa The 



Example 1 



A metallized film was produced through the following steps 

the previously compoundeTm^e 9 " ^ We ' 9ht 9XCeSS " 1 million ' was Aspersed into 

2) The formu,ation described in step 1 was then cast extruded to form a film of 4-6 mi, in thickness 
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3) This film was subjected to tenter stress with a cross-machine direction stretch ratio of 4:1 . The film 
became whiter and more breathable when stretched at 43 'C followed by heat setting treatment between 
65-95 *C. 

4) This breathable film was metallized with aluminum mtal und r high vacuum and resulted in a 
5 metallized structure having WVTR of approximately 6900 grams per square meter per day at 38 *C and 

a Gurley value of approximately 800 seconds. 



TABLE I 



Unmetallized 


Metallized 


Gurley 


WVTR 


Gurley 


WVTR 


600 


8000 


786 


6938 



75 

The invention has been described with reference to its preferred embodiments. Those of ordinary skill 
in the art may appreciate, from the description, changes and modifications which may be made to the 
invention and which do not depart from the scope of the invention as described above or claimed hereafter. 

20 Claims 

1. A method of making a metallized breathable film, comprising the steps of: 
mixing a poiyolefin with a filler; 

extruding a precursor film from the poly olef in/filler mixture; 
25 melt embossing the precursor film to impose therein a pattern of different film thicknesses; 

stretching the melt embossed precursor film to impart greater permeability in the areas of reduced 
thickness thereof in comparison to the areas of greater thickness; and 
coating the stretched film with a metal. 

30 2. The method according to claim 1, further comprising the step of heat setting the stretched film at a 
temperature above the stretching temperature and below the softening temperature of the stretched 
film. 

3. The method according to claim 1 or claim 2, wherein the poiyolefin is a copolymer of ethylene and a 
35 C4-C10 alpha-olefin. 

4. The method according to any of the preceding claims, wherein the filler is calcium carbonate surface 
treated with calcium stearate. 

40 5. The method of claim 1 , wherein the precursor film is melt embossed with a diamond pattern. 

6. The method of claim 1, wherein the polyolefin/filler mixture contains between 15 percent to 35 percent 
filler by volume. 

45 7. The method of claim 1 wherein said metal is aluminum. 

8. A method according to any of the preceding claims in which the precursor film is extruded from the 
polyolefin/filler mixture and subsequently melt embossed to impose therein a pattern of different film 
thicknesses or in which a precursor film of the polyolefin/filler mixture is cast extruded onto at least one 

so melt embossing roller to impose therein a pattern of different film thicknesses. 

9. A metallized br athable film, comprising: 

a poiyolefin and a filler; 

a pattern of different film thicknesses having greater permeability in the areas of reduced thickness 
55 thereof in comparison to the areas of gr ater thickness; and 
a coating of a metal. 

10. The metallized breathable film according to claim 9 having the featur s of claims 3, 4, 5, 6 and/or 7. 
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2- Verfahren nach AnsDrueh 1 h» ■ „ ' 

rs a u . Ewe ^ungstempe r atur der gesfreS, p^T' Tam P«*» «ber der 

75 3 " - Verf ^en nach Anspruch 1 odar a thermofixiert vWrd. 

^ «- o.- * c , 0 -„',r — * « - - ^ eln Copoiymer _ ^ m 

Rev ndlcatlons ' ' 

dan d , et,ra 9 e *i film prScurseur gaufre an m ° W pr<5sentan ' 

de reV§tem «"t du film etire avec un m , tg( de P ,us 9-nde epa.ss ur : 

2- Procdde suivant la r vendicatinn 1 

temperature supeVieure T.Lf J' COm P re "ant en outre retan* w * 

«»m efre. ^ » ,a d*t,Vage „ 2^ * «h, etire a une 

mperature de ramollissement du 
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9- Film mollis* pemidabte aux comprena . . 
"ne polyene et une charge C0,T,Prenant " 
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